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(54) BIODEGRADABLE MAGNESIUM ALLOY AND MANUFACTURING METHOD THEREFOR

(57) The present invention relates to a biodegradable
magnesium alloy comprising x wt% of calcium, y wt% of
zinc, and the balance of magnesium and inevitable im-
purities, wherein x and y have a range corresponding to
a region in which the lower part of the trajectory of math-
ematical formula 1 (y = 44.894x2 - 25.123x + 5.192) and

the upper part of the trajectory of mathematical formula
2 (y = - 10.618x2 + 7.8784x + 0.1637) overlap in the x-y
plane, and a zinc compound phase contains 90 wt% or
more of Ca2Mg6Zn3 on the basis of the total weight of
the zinc compound phase.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a magnesium alloy and a manufacturing method therefor, and more particularly,
to a biodegradable magnesium alloy and a manufacturing method therefor.

BACKGROUND ART

[0002] A magnesium alloy is easy to mold, but there is a disadvantage of having poor corrosion resistance and strength.
To improve the corrosion resistance and strength of the magnesium alloy, studies for appropriately changing a compo-
sition of the magnesium alloy had been conducted. As the result through the studies, it was found that the mechanical
strength was improved as an amount of an additive was increased. Meanwhile, as the amount of an additive increases,
various phases are formed, and as electric potential differences therebetween are large, a galvanic circuit, which promotes
a corrosion rate, is easily formed. Accordingly, there has been demand for a study on a magnesium alloy having excellent
corrosion resistance, strength, and elongation while being controlling corrosion characteristics.
[0003] Related prior arts include Korean Patent Publication No. 20120062243 (published on June 14, 2012, entitled
"DEGRADABILITY VELOCITY CONTROL METHOD OF BIODEGRADABLE MAGNESIUM AND BIODEGRADABLE
MAGNESIUM USING THEREOF").

DISCLOSURE OF THE INVENTION

TECHNICAL PROBLEM

[0004] The purpose of the present invention is to provide: a biodegradable magnesium alloy having excellent corrosion
resistance, strength, and elongation; and a manufacturing method therefor. However, these problems are exemplary
and the scope of the present invention is not limited thereto.

TECHNICAL SOLUTION

[0005] There is provided a biodegradable magnesium alloy according to an aspect of the present invention. The
biodegradable magnesium alloy contains 5 wt% or less (more than 0) of zinc, 0.35 wt% or less (more than 0) of calcium,
and the balance of magnesium and inevitable impurities, wherein a microstructure of the magnesium alloy includes an
α-Mg phase matrix and a zinc compound phase which is dispersed and precipitated in the form of particles in the matrix,
and the zinc compound phase contains 90 wt% or more of Ca2Mg6Zn3 on the basis of the total weight of the zinc
compound phase.
[0006] In the biodegradable magnesium alloy, the microstructure of the magnesium alloy may be formed only of both
an α-Mg phase matrix and a Ca2Mg6Zn3 phase which is dispersed and precipitated in the matrix.
[0007] In the biodegradable magnesium alloy, the calcium may be contained in an amount of 0.05-0.35 wt% in the alloy.
[0008] There is provided a biodegradable magnesium alloy according to another aspect of the present invention. The
biodegradable magnesium alloy is formed of x wt% of calcium, y wt% of zinc, and the balance of magnesium and
inevitable impurities, wherein x and y have a range corresponding to a region in which the lower part of the trajectory of
mathematical formula 1 (y = 44.894x2 - 25.123x + 5.192) and the upper part of the trajectory of mathematical formula 2
(y = -10.618x2 + 7.8784x + 0.1637) overlap in the x-y plane, and a zinc compound phase contains 90 wt% or more of
Ca2Mg6Zn3 on the basis of the total weight of the zinc compound phase.
[0009] There is provided a biodegradable magnesium alloy according to another aspect of the present invention. The
biodegradable magnesium alloy contains 5 wt% or less (more than 0) of zinc, x wt% or less (more than 0) of calcium,
and the balance of magnesium and inevitable impurities, wherein x is a maximum allowable amount of calcium permitting
the existence of a temperature section in which a structure formed only of an α-Mg single-phase is phase-transformed
into a structure formed of an α-Mg phase matrix and particles, which are dispersed and precipitated in the matrix and
formed only of a Ca2Mg6Zn3 phase, in a process of naturally cooling the molten biodegradable magnesium alloy.
[0010] There is provided a biodegradable magnesium alloy according to another aspect of the present invention. The
biodegradable magnesium alloy contains 5 wt% or less (more than 0) of zinc and the balance of magnesium and inevitable
impurities, wherein a microstructure of the magnesium alloy includes an α-Mg phase matrix and a zinc compound phase
which is dispersed and precipitated in the form of particles in the matrix.
[0011] There is provided a manufacturing method for a biodegradable magnesium alloy according to still another
aspect of the present invention. The method includes: casting a molten metal having a composition of the described
magnesium alloy; performing solution treatment of the cast magnesium alloy in a temperature range of 300-400°C; and
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performing hot extrusion in a temperature range of 300-400°C after performing the solution treatment.
[0012] In the manufacturing method for a biodegradable magnesium alloy, the method may further include performing
artificial aging treatment for 17-19 hours after performing the hot extrusion.
[0013] In addition to the above-described aspects, there is provided an implant according to another aspect of the
present invention. The implant includes the described biodegradable magnesium alloy, and is also used for orthopedic
surgery, dentistry, plastic surgery, or vascular surgery.

ADVANTAGEOUS EFFECTS

[0014] According to an embodiment of the present invention as described above, a biodegradable magnesium alloy
having excellent corrosion resistance, strength, and elongation and a manufacturing method therefor may be achieved.
However, the effects are exemplary, and the scope of the present invention is not limited thereto.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015]

FIG. 1 is a diagram showing a portion of a constitutional diagram of an Mg-1Zn-xCa ternary alloy which is formed
of 1 wt% of zinc and the balance of magnesium while varying a content of calcium.
FIG. 2 is a diagram showing a portion of a constitutional diagram of an Mg-1.5Zn-xCa ternary alloy which is formed
of 1.5 wt% of zinc and the balance of magnesium while varying a content of calcium.
FIG. 3 is a diagram showing a portion of a constitutional diagram of an Mg-1.6Zn-xCa ternary alloy which is formed
of 1.6 wt% of zinc and the balance of magnesium while varying a content of calcium.
FIG. 4 is a diagram showing a portion of a constitutional diagram of an Mg-1.7Zn-xCa ternary alloy which is formed
of 1.7 wt% of zinc and the balance of magnesium while varying a content of calcium.
FIG. 5 is a diagram showing a portion of a constitutional diagram of an Mg-1.8Zn-xCa ternary alloy which is formed
of 1.8 wt% of zinc and the balance of magnesium while varying a content of calcium.
FIG. 6 is a diagram showing a portion of a constitutional diagram of an Mg-2Zn-xCa ternary alloy which is formed
of 2.0 wt% of zinc and the balance of magnesium while varying a content of calcium.
FIG. 7 is a diagram showing a portion of a constitutional diagram of an Mg-3Zn-xCa ternary alloy which is formed
of 3.0 wt% of zinc and the balance of magnesium while varying a content of calcium.
FIG. 8 is a diagram showing a portion of a constitutional diagram of an Mg-4Zn-xCa ternary alloy which is formed
of 4.0 wt% of zinc and the balance of magnesium while varying a content of calcium.
FIG. 9 is a diagram showing a portion of a constitutional diagram of an Mg-5Zn-xCa ternary alloy which is formed
of 5.0 wt% of zinc and the balance of magnesium while varying a content of calcium.
FIGS. 10 and 11 are graphs showing mathematical formulae 1 and 2 which define composition ranges of calcium
and zinc.
FIG. 12 is a graph showing a composition range of calcium and zinc in a biodegradable magnesium alloy according
to an embodiment of the present invention.
FIG. 13 is a graph showing comparative analysis of corrosion characteristics of biodegradable magnesium alloys
according to other Experimental Examples of the present invention.

MODE FOR CARRYING OUT THE INVENTION

[0016] Hereinafter, the present invention will be described in detail by explaining preferred embodiments of the invention
with reference to the attached drawings. The present invention may, however, be embodied in different forms and should
not be construed as limited to the embodiments set forth herein. Rather, these embodiments are provided so that this
disclosure will be thorough and complete, and will fully convey the scope of the present invention to those skilled in the
art. It should be noted that elements shown in the accompanying drawings may be scaled up or down for convenience
in description. Like reference numerals in the drawings denote like elements.
[0017] FIG. 1 is a diagram showing a portion of a constitutional diagram of an Mg-1Zn-xCa ternary alloy which is
formed of 1 wt% of zinc and the balance of magnesium while varying a content of calcium. Referring to FIG. 1, a boundary
line connecting P1 and P2 is a boundary at which a structure formed only of an α-Mg single-phase (corresponding to a
region denoted by ’HCP’ in FIG. 1) is transformed into a structure formed of an α-Mg phase matrix and particles, which
are dispersed and precipitated in the matrix and formed only of a Ca2Mg6Zn3 phase (corresponding to the region denoted
by ’HCP+CA2MG6ZN3’ in FIG. 1). That is, when high-temperature Mg (HCP) is cooled (Q) by passing through the
boundary line connecting P1 and P2, Ca2Mg6Zn3 is only precipitated in the magnesium matrix. Accordingly, it may be
understood that P1 wt% of calcium is a maximum allowable amount of calcium permitting the existence of a temperature
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section in which a structure formed only of an α-Mg single-phase is phase-transformed into a structure formed of an α-
Mg phase matrix and Ca2Mg6Zn3 which is only dispersed and precipitated in the matrix, in a process of naturally cooling
the molten magnesium alloy. In the alloy of the embodiment, such P1 has a value of 0.131. The inventors of the present
invention confirmed that corrosion resistance and strength were relatively excellent when the dispersed and precipitated
particles in the α-Mg phase matrix were formed only of the Ca2Mg6Zn3 single-phase.
[0018] FIG. 2 is a diagram showing a portion of a constitutional diagram of an Mg-1.5Zn-xCa ternary alloy which is
formed of 1.5 wt% of zinc and the balance of magnesium while varying a content of calcium. Referring to FIG. 2, it may
be understood that P1 wt% of calcium is a maximum allowable amount of calcium permitting the existence of a temperature
section in which a structure formed only of an α-Mg single-phase is phase-transformed into a structure formed of an α-
Mg phase matrix and Ca2Mg6Zn3 which is only dispersed and precipitated in the matrix, in a process of naturally cooling
the molten magnesium alloy. In the alloy of the embodiment, such P1 has a value of 0.268. In the embodiment, it was
also confirmed that corrosion resistance and strength were relatively excellent when the dispersed and precipitated
particles in the α-Mg phase matrix were formed only of the Ca2Mg6Zn3 single-phase. The rest of the description is
replaced with the description in FIG. 1.
[0019] FIG. 3 is a diagram showing a portion of a constitutional diagram of an Mg-1.6Zn-xCa ternary alloy which is
formed of 1.6 wt% of zinc and the balance of magnesium while varying a content of calcium. Referring to FIG. 3, it may
be understood that P1 wt% of calcium is a maximum allowable amount of calcium permitting the existence of a temperature
section in which a structure formed only of an α-Mg single-phase is phase-transformed into a structure formed of an α-
Mg phase matrix and Ca2Mg6Zn3 which is only dispersed and precipitated in the matrix, in a process of naturally cooling
the molten magnesium alloy. In the alloy of the embodiment, such P1 has a value of 0.2907. In the embodiment, it was
also confirmed that corrosion resistance and strength were relatively excellent when the dispersed and precipitated
particles in the α-Mg phase matrix were formed only of the Ca2Mg6Zn3 single-phase. The rest of the description is
replaced with the description in FIG. 1.
[0020] FIG. 4 is a diagram showing a portion of a constitutional diagram of an Mg-1.7Zn-xCa ternary alloy which is
formed of 1.7 wt% of zinc and the balance of magnesium while varying a content of calcium. Referring to FIG. 4, it may
be understood that P1 wt% of calcium is a maximum allowable amount of calcium permitting the existence of a temperature
section in which a structure formed only of an α-Mg single-phase is phase-transformed into a structure formed of an α-
Mg phase matrix and Ca2Mg6Zn3 which is only dispersed and precipitated in the matrix, in a process of naturally cooling
the molten magnesium alloy. In the alloy of the embodiment, such P1 has a value of 0.2661. In the embodiment, it was
also confirmed that corrosion resistance and strength were relatively excellent when the dispersed and precipitated
particles in the α-Mg phase matrix were formed only of the Ca2Mg6Zn3 single-phase. The rest of the description is
replaced with the description in FIG. 1.
[0021] FIG. 5 is a diagram showing a portion of a constitutional diagram of an Mg-1.8Zn-xCa ternary alloy which is
formed of 1.8 wt% of zinc and the balance of magnesium while varying a content of calcium. Referring to FIG. 5, it may
be understood that P1 wt% of calcium is a maximum allowable amount of calcium permitting the existence of a temperature
section in which a structure formed only of an α-Mg single-phase is phase-transformed into a structure formed of an α-
Mg phase matrix and Ca2Mg6Zn3 which is only dispersed and precipitated in the matrix, in a process of naturally cooling
the molten magnesium alloy. In the alloy of the embodiment, such P1 has a value of 0.2435. In the embodiment, it was
also confirmed that corrosion resistance and strength were relatively excellent when the dispersed and precipitated
particles in the α-Mg phase matrix were formed only of the Ca2Mg6Zn3 single-phase. The rest of the description is
replaced with the description in FIG. 1.
[0022] FIG. 6 is a diagram showing a portion of a constitutional diagram of an Mg-2Zn-xCa ternary alloy which is
formed of 2.0 wt% of zinc and the balance of magnesium while varying a content of calcium. Referring to FIG. 6, it may
be understood that P1 wt% of calcium is a maximum allowable amount of calcium permitting the existence of a temperature
section in which a structure formed only of an α-Mg single-phase is phase-transformed into a structure formed of an α-
Mg phase matrix and Ca2Mg6Zn3 which is only dispersed and precipitated in the matrix, in a process of naturally cooling
the molten magnesium alloy. In the alloy of the embodiment, such P1 has a value of 0.2036. In the embodiment, it was
also confirmed that corrosion resistance and strength were relatively excellent when the dispersed and precipitated
particles in the α-Mg phase matrix were formed only of the Ca2Mg6Zn3 single-phase. The rest of the description is
replaced with the description in FIG. 1.
[0023] FIG. 7 is a diagram showing a portion of a constitutional diagram of an Mg-3Zn-xCa ternary alloy which is
formed of 3.0 wt% of zinc and the balance of magnesium while varying a content of calcium. Referring to FIG. 7, it may
be understood that P1 wt% of calcium is a maximum allowable amount of calcium permitting the existence of a temperature
section in which a structure formed only of an α-Mg single-phase is phase-transformed into a structure formed of an α-
Mg phase matrix and Ca2Mg6Zn3 which is only dispersed and precipitated in the matrix, in a process of naturally cooling
the molten magnesium alloy. In the alloy of the embodiment, such P1 has a value of 0.105. In the embodiment, it was
also confirmed that corrosion resistance and strength were relatively excellent when the dispersed and precipitated
particles in the α-Mg phase matrix were formed only of the Ca2Mg6Zn3 single-phase. The rest of the description is
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replaced with the description in FIG. 1.
[0024] FIG. 8 is a diagram showing a portion of a constitutional diagram of an Mg-4Zn-xCa ternary alloy which is
formed of 4.0 wt% of zinc and the balance of magnesium while varying a content of calcium. Referring to FIG. 8, it may
be understood that P1 wt% of calcium is a maximum allowable amount of calcium permitting the existence of a temperature
section in which a structure formed only of an α-Mg single-phase is phase-transformed into a structure formed of an α-
Mg phase matrix and Ca2Mg6Zn3 which is only dispersed and precipitated in the matrix, in a process of naturally cooling
the molten magnesium alloy. In the alloy of the embodiment, such P1 has a value of 0.04015. In the embodiment, it was
also confirmed that corrosion resistance and strength were relatively excellent when the dispersed and precipitated
particles in the α-Mg phase matrix were formed only of the Ca2Mg6Zn3 single-phase. The rest of the description is
replaced with the description in FIG. 1.
[0025] FIG. 9 is a diagram showing a portion of a constitutional diagram of an Mg-5Zn-xCa ternary alloy which is
formed of 5.0 wt% of zinc and the balance of magnesium while varying a content of calcium. Referring to FIG. 9, it may
be understood that P1 wt% of calcium is a maximum allowable amount of calcium permitting the existence of a temperature
section in which a structure formed only of an α-Mg single-phase is phase-transformed into a structure formed of an α-
Mg phase matrix and Ca2Mg6Zn3 which is only dispersed and precipitated in the matrix, in a process of naturally cooling
the molten magnesium alloy. In the alloy of the embodiment, such P1 has a value of 0.0167. In the embodiment, it was
also confirmed that corrosion resistance and strength were relatively excellent when the dispersed and precipitated
particles in the α-Mg phase matrix were formed only of the Ca2Mg6Zn3 single-phase. The rest of the description is
replaced with the description in FIG. 1.
[0026] The magnesium alloy according to the described embodiments may be easily applied to an implant member
for orthopedic surgery, dentistry, plastic surgery, or vascular surgery because a biodegradation rate thereof may be
easily controlled and the strength and corrosion resistance thereof are excellent. Such a magnesium alloy includes an
α-Mg phase matrix and a zinc compound phase which is dispersed and precipitated in the form of particles in the matrix.
The zinc compound phase may contain 90 wt% or more of Ca2Mg6Zn3 on the basis of the total weight of the zinc
compound phase. The zinc compound phase may particularly contain 98 wt% or more of Ca2Mg6Zn3 on the basis of
the total weight of the zinc compound phase, and more particularly, the zinc compound phase which is dispersed and
precipitated in the form of particles in the matrix may be formed only of Ca2Mg6Zn3.
[0027] The inventors of the present invention confirmed that a biodegradable magnesium alloy, which may be applied
to an implant member for orthopedic surgery, dentistry, plastic surgery, or vascular surgery because having excellent
the corrosion resistance and strength, may be achieved when the magnesium alloy has a composition in a predetermined
range bounded by the values derived from FIGS. 1 to 9. Hereinafter, the composition range will be described.
[0028] FIGS. 10 and 11 are graphs showing mathematical formulae 1 and 2 which define composition ranges of
calcium and zinc, and FIG. 12 is a graph showing a composition range of calcium and zinc in a biodegradable magnesium
alloy according to an embodiment of the present invention.
[0029] Referring to FIG. 10, a trajectory of mathematical formula 1 (y = 44.894x2 - 25.123x + 5.192) defining the
composition range of calcium and zinc is shown. That is, it may be confirmed that a maximum allowable amount of
calcium permitting the existence of a temperature section, in which a structure formed only of an α-Mg single-phase is
phase-transformed into a structure formed of an α-Mg phase matrix and Ca2Mg6Zn3 which is only dispersed and pre-
cipitated in the matrix while fixing a zinc content of 1.6 wt% or more in a process of naturally cooling the molten magnesium
alloy, is derived, and thereafter, when the maximum allowable amount of calcium as a x-coordinate value and the zinc
content as a y-coordinate value are plotted in the x-y plane, the y value of the zinc content and the x value of the maximum
allowable amount of calcium have functional relation to mathematical formula 1 (y = 44.894x2 - 25.123x + 5.192). The
coordinate values (x, y) provided to derive mathematical formula 1 are determined by the manner described in FIGS. 1
to 9, and the values are, for example, (0.0167, 5), (0.04015, 4), (0.125, 2.7) (0.1474, 2.5), (0.1719, 2.2), (0.2036, 2),
(0.2435, 1.8), (0.2661, 1.7), and (0.2907, 1.6).
[0030] Referring to FIG. 11, a trajectory of mathematical formula 2 (y = -10.618x2 + 7.8784x + 0.1637) defining the
composition range of calcium and zinc is shown. That is, it may be confirmed that a maximum allowable amount of
calcium permitting the existence of a temperature section, in which a structure formed only of an α-Mg single-phase is
phase-transformed into a structure formed of an α-Mg phase matrix and Ca2Mg6Zn3 which is only dispersed and pre-
cipitated in the matrix while fixing a zinc content of 1.6 wt% or more in a process of naturally cooling the molten magnesium
alloy, is derived, and thereafter, when the maximum allowable amount of calcium as a x-coordinate value and the zinc
content as a y-coordinate value are plotted in the x-y plane, the y value of the zinc content and the x value of the maximum
allowable amount of calcium have functional relation to mathematical formula 2 (y = -10.618x2 + 7.8784x + 0.1637). The
coordinate values of (x, y) provided to derive mathematical formula 2 are determined by the manner described in FIGS.
1 to 9, and the values are, for example, (0.00269, 0.1), (0.01573, 0.3), (0.0389, 0.5), (0.05293. 0.6), (0.128, 0.7), (0.1086,
0.9), (0.131, 1.0), (0.1809, 1.2), (0.2351, 1.4), (0.268, 1.5), and (0.2907, 1.6).
[0031] Referring to FIG. 12, the biodegradable magnesium alloy according to an embodiment of the present invention
is formed of x wt% of calcium, y wt% of zinc, and the balance of magnesium and inevitable impurities, wherein x and y
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may have a range corresponding to a region in which the lower part of the trajectory of mathematical formula 1 (y =
44.894x2 - 25.123x + 5.192) and the upper part of the trajectory of mathematical formula 2 (y = -10.618x2 + 7.8784x +
0.1637) overlap in the x-y plane. In the embodiment, a zinc compound phase may contain 90 wt% or more of Ca2Mg6Zn3
on the basis of the total weight of the zinc compound phase, thereby achieving a biodegradable magnesium alloy having
excellent corrosion resistance and strength.
[0032] The points shown in FIG. 12 are composition examples of the alloys which have been experimented to confirm
the embodiment, and the biodegradable magnesium alloy having a calcium and zinc composition corresponding to a
first region, in which the lower part of the trajectory (U) of mathematical formula 1 and the upper part of the trajectory
(L) of mathematical formula 2 overlap in the x-y plane, has a single precipitated phase, whereas the biodegradable
magnesium alloy having a calcium and zinc composition corresponding to a region outside the first region has two or
more precipitated phases. The inventors of the present invention confirmed that the biodegradable magnesium alloy
had the more excellent corrosion resistance and strength when having the single precipitated phase than having the
two or more precipitated phases.
[0033] Meanwhile, according to another embodiment of the present invention, it was confirmed that a molten metal
having the described composition was cast and the cast magnesium alloy was additionally heat-treated to increase the
strength and elongation thereof. For example, the strength and elongation of the magnesium alloy were increased by
performing: cast of a molten metal having the described composition and solution treatment of the cast magnesium alloy
in a temperature range of 300-400°C; and hot extrusion in a temperature range of 300-400°C after performing the solution
treatment, and thereafter, artificial aging treatment for 17-19 hours. However, performing the artificial aging in the technical
concept of the present invention is not essential and may be omitted selectively. Furthermore, even in the step for
performing the artificial aging treatment, the strength and elongation were significantly increased when performing for
17-19 hours, but the technical concept of the present invention is not limited to the described specific time.
[0034] Hereinafter, the strength and elongation characteristics of the biodegradable magnesium alloy according to
Experimental Examples of the present invention are compared and analyzed.
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[0035] In Table 1, the heat treatment includes T4 heat treatment or T6 heat treatment. For example, the T4 heat
treatment may include a condition of quenching after the solution treatment at a temperature of about 400°C for 6 hours.
The T6 heat treatment may also include a condition of quenching after the solution treatment at a temperature of about
300-400°C for 6 hours, and then, artificial aging at a temperature of 200°C for 17-19 hours.
[0036] In Table 1, UTS refers to the ultimate tensile strength, and it means a value that the maximum load of the
material, which can withstand when it is tensed to be cut, is divided by the cross-sectional area of the material, and the
elongation means a percentage that the material elongates in the tensile test. Generally, the maximum tensile strength
and the elongation have a contrast tendency from each other, and accordingly, in Table 1, the physical properties of the
biodegradable magnesium alloy were evaluated by introducing a first parameter represented by dividing the product of
the maximum tensile strength and the elongation by 100.
[0037] Referring to Table 1, the biodegradable magnesium alloy containing 5 wt% or less (more than 0) of zinc,
0.05-0.35 wt% of calcium, and the balance of magnesium and inevitable impurities (Experimental Examples 2, 3, 4, 5,
7, 12, 13, and 14) had the first parameter value exceeding 50 even when the heat treatment was not performed, and
had the first parameter value exceeding 60 when the heat treatment was performed. On the contrary, referring to
Experimental Examples 1, 9, 10, 11, and 18, respectively, the magnesium alloy, in which calcium is not present or only
very small amount of calcium of less than 0.05 wt% is present, had the first parameter value of less than 50 when the
heat treatment was not performed, and had the first parameter value of less than 60 even when the heat treatment was
performed.
[0038] In the biodegradable magnesium alloys according to Experimental Examples 2, 3, 4, 5, 7, 12, 13, and 14
described above, it was confirmed that each of the magnesium alloys had the calcium and zinc composition corresponding
to the first region, in which the lower part of the trajectory (U) of mathematical formula 1 shown in FIG. 12 and the upper
part of the trajectory (L) of mathematical formula 2 shown in FIG. 12 overlap in the x-y plane. Accordingly, it may be
confirmed that the biodegradable magnesium alloy had the more excellent corrosion resistance and strength when the
magnesium alloy matrix had the single precipitated phase (Ca2Mg6Zn3) than had two or more precipitated phases.
[0039] Hereinafter, corrosion characteristics of the biodegradable magnesium alloys according to other Experimental
Examples of the present invention were compared and analyzed. FIG. 13 is a graph showing comparative analysis of
corrosion characteristics of the biodegradable magnesium alloys according to other Experimental Examples of the
present invention.
[0040] First of all, referring to Table 2, the alloys in Experimental Examples 21, 22, 24, 25, and 27 contain the com-
positions of Mg-0.56Zn-0.037Ca, Mg-0.99Zn-0.029Ca, Mg-1.63Zn-0.059 Ca, Mg-1.61Zn-0.14Ca, and Mg-2.94Zn-
0.00175Ca, respectively, and each of the calcium and zinc compositions has a range corresponding to the region in
which the lower part of the trajectory of mathematical formula 1 and the upper part of the trajectory of mathematical
formula 2 overlap in the x-y plane. Among Experimental Examples above, the composition in Experimental Example 21
is located in a region very close to the trajectory of mathematical formula 2. On the other hand, the alloys in Experimental
Examples 26 and 28 contain the compositions of Mg-1.7Zn-0.3Ca and Mg-3Zn-0.2Ca, respectively, and each of the
calcium and zinc compositions has a range corresponding to outside of the region in which the lower part of the trajectory
of mathematical formula 1 and the upper part of the trajectory of mathematical formula 2 overlap in the x-y plane.

[0041] The vertical axis in FIG. 13 indicates a magnesium elution amount in the corrosion test, and the amount may
be understood as an index indicating a corrosion rate. Accordingly, it may be confirmed that the corrosion rates of
Experimental Examples 26 and 28 are much faster than those of other Experimental Examples. In addition, it may be
confirmed that the corrosion rate of Experimental Example 21, in which the composition is adjacent to the trajectory

[Table 2]

Experimental Example Ca composition Zn composition Mg composition

21 0.037 0.56 Balanced

22 0.029 0.99 Balanced

23 0 1.65 Balanced

24 0.059 1.63 Balanced

25 0.14 1.61 Balanced

26 0.3 1.7 Balanced

27 0.00175 2.94 Balanced

28 0.2 3 Balanced
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defined by mathematical formulae 1 and 2, is a moderate rate, and the corrosion rates of Experimental Examples 22,
23, 24, 25, and 27 are relatively significantly slow.
[0042] While the present invention has been particularly shown and described with reference to exemplary embodi-
ments thereof, it will be understood by those of ordinary skill in the art that various changes in form and details may be
made therein without departing from the spirit and scope of the present invention as defined by the following claims.

Claims

1. A biodegradable magnesium alloy comprising:

5 wt% or less (more than 0) of zinc;
0.35 wt% or less (more than 0) of calcium; and
the balance of magnesium and inevitable impurities,
wherein a microstructure of the magnesium alloy comprises an α-Mg phase matrix and a zinc compound phase
which is dispersed and precipitated in the form of particles in the matrix, and
the zinc compound phase comprises 90 wt% or more of Ca2Mg6Zn3 on the basis of the total weight of the zinc
compound phase.

2. A biodegradable magnesium alloy comprising:

x wt% of calcium;
y wt% of zinc; and
the balance of magnesium and inevitable impurities,
wherein x and y have a range corresponding to a region in which the lower part of the trajectory of mathematical
formula 1 (y = 44.894x2 - 25.123x + 5.192) and the upper part of the trajectory of mathematical formula 2 (y =
-10.618x2 + 7.8784x + 0.1637) overlap in the x-y plane, and
a zinc compound phase comprises 90 wt% or more of Ca2Mg6Zn3 on the basis of the total weight of the zinc
compound phase.

3. A biodegradable magnesium alloy comprising:

5 wt% or less (more than 0) of zinc;
x wt% or less (more than 0) of calcium; and
the balance of magnesium and inevitable impurities,
wherein x is a maximum allowable amount of calcium permitting the existence of a temperature section in which
a structure formed only of an α-Mg single-phase is phase-transformed into a structure formed of an α-Mg phase
matrix and particles, which are dispersed and precipitated in the matrix and formed only of a Ca2Mg6Zn3 phase,
in a process of naturally cooling the molten biodegradable magnesium alloy.

4. A biodegradable magnesium alloy comprising:

5 wt% or less (more than 0) of zinc; and
the balance of magnesium and inevitable impurities,
wherein a microstructure of the magnesium alloy comprises an α-Mg phase matrix and a zinc compound phase
which is dispersed and precipitated in the form of particles in the matrix.

5. The biodegradable magnesium alloy of claim 1, wherein the microstructure of the magnesium alloy is formed only
of both an α-Mg phase matrix and a Ca2Mg6Zn3 phase which is dispersed and precipitated in the matrix.

6. The biodegradable magnesium alloy of claim 1, wherein the calcium is contained in an amount of 0.05-0.35 wt% in
the alloy.

7. A manufacturing method for a biodegradable magnesium alloy, the method comprising:

casting a molten metal comprising a composition of the magnesium alloy according to any of claims 1 to 4;
performing solution treatment of the cast magnesium alloy in a temperature range of 300-400°C; and
performing hot extrusion in a temperature range of 300-400°C after performing the solution treatment.



EP 3 533 477 A1

11

5

10

15

20

25

30

35

40

45

50

55

8. The manufacturing method of claim 7, the method further comprising performing artificial aging treatment for 17-19
hours after performing the hot extrusion.

9. An implant comprising the biodegradable magnesium alloy according to any of claims 1 to 4, and being used for
orthopedic surgery, dentistry, plastic surgery, or vascular surgery.
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